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Purpose: The aim of this study was to evaluate the use of Doppler ultrasonography (DUS) and semi-rigid
ureteroscopy (URS) for managing symptomatic persistent hydronephrosis during pregnancy.
Materials and methods: The study included 19 pregnant patients with unilateral symptomatic persistent
hydronephrosis. All pregnant patients were assessed with conventional ultrasonography (US) followed
by DUS for both kidneys.
Results: The mean patient age was 26 years (range 19e40), and the gestational period was 24 weeks
(range 16e33). There was a signiﬁcantly higher mean resistive index in the kidneys with ureteral
obstruction than in the contralateral normal kidneys. Spinal anesthesia was performed on 18 patients,
while general anesthesia was performed on 1 patient. Endoscopically stones were found in 17 patients
(89.5%), while no stone was found in 2 patients (10.5%). The stones were fragmented by holmium laser
and retracted with forceps. After lithotripsy, a ureteral JJ stent was inserted in 8 of 17 (47%) patients with
ureteral stones. Intraoperatively, there were no obstetric complications, while ureteral perforation was
seen in one patient. Two patients are still pregnant at the time of this writing, and 17 babies were born
normally.
Conclusions: Both RI and DRI increase in unilateral symptomatic persistent hydronephrosis during
pregnancy. Semi-rigid URS can be used successfully for diagnosis and treatment in these patients.
 2012 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Urolithiasis is the most frequent cause of non-obstetrical pain
leading to hospitalization of pregnant women.1 The incidence rate
of urolithiasis among pregnant women has been reported to be 1/
1500, similar to that reported among the non-pregnant pop-
ulation.2 Usually, the stones are found during the second or third
trimester of pregnancy.3
Moreover, urolithiasis in pregnant women poses some risks for
both the mother (azotemia, urosepsis, intractable pain) and fetus
(premature birth). Therefore, accurate and early diagnosis and
appropriate treatment are very important. Treatment modalities
for pregnant urolithiasis patients range from conservative treat-
ments to invasive procedures.4 Recently, ureteroscopy (URS) has
been widely used as a ﬁrst-line treatment approach for urinarycal Faculty, Department of
fax: þ90 412 248 8440.
ciates Ltd. Published by Elsevier Ltcalculi in pregnant patients.5,6 Furthermore, URS has been found to
be a safe and effective treatment modality for pregnant urolithiasis
patients.5e8
Because of the potential adverse effects of radiation exposure to
the fetus from other imaging modalities, conventional ultraso-
nography (US) is the ﬁrst-line imaging tool for pregnant urolithiasis
patients. However, the use of US is limited to the diagnosis of
obstructions in early pregnancy only, and it may not clearly show
the stones because of dilatation of the upper urinary tract that
occurs even in normal pregnant women who do not have any
obstructive diseases.9,10 In contrast to the use of conventional renal
US, that of Doppler US (DUS) has produced excellent results in the
diagnosis of ureteric obstructions in pregnant women. A renal
resistive index (RI) provides increased sensitivity and speciﬁcity for
distinguishing between obstructed and non-obstructed dilated
collecting systems.11 An elevated RI should not be attributed to the
normal physiological changes of pregnancy.12 However, the best
method to differentiate between pathological and physiological
hydronephrosis of pregnancy is yet to be established.d. All rights reserved.
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a diagnostic tool and semi-rigid URS as an operative tool for
management of symptomatic persistent hydronephrosis of
pregnancy.
2. Methods
Between December 2010 and July 2011, 37 consecutive patients with symp-
tomatic persistent hydronephrosis during pregnancy were managed at our center.
The symptoms of 18 patients improved with conservative treatment, while the 19
requiring treatment via URS after failure of conservative treatment were enrolled in
the present study. Informed consent forms were signed by all patients, and the study
was approved by the local ethical committee of our institution.
Only the patients in their second or third trimester with normal blood pressure
were included in the study. Patients with high blood pressure, bilateral hydro-
nephrosis, spontaneously passed stones, systemic diseases as well as those with
non-persistent hydronephrosis were excluded from the study. Ten patients were
excluded owing to hypertension (two patients), bilateral hydronephrosis (two
patients), spontaneously passed stones (ﬁve patients), and diabetes mellitus (one
patient). These patients were followed up every week with US. However, four (two
patients with bilateral hydronephrosis, one with hypertension, and one with dia-
betes mellitus) excluded patients underwent URS because they all had ureteral
stones, and the symptoms resolved in one patient via conservative management.
At presentation, patients’ age, presenting symptoms, previous urological inter-
vention, parity, and duration of pregnancy were recorded. Obstetric physical
examinations and US were performed to determine gestational stage and existing
obstetric complications. All patients were examined using conventional gray-scale
US. Sonography was performed using a real-time multi-frequency (3.5e5 MHz)
sector transducer (Logic P5; General Electric, USA). In addition, conservative treat-
ment was administered to all patients. The patients who had persistent symptoms
underwent DUS; continuous spectral waveforms were optimized for measurements
using the lowest pulse repetition frequency without aliasing, the highest gain
without obscuring background noise, and the lowest wall ﬁlter. Renal size, echo-
genicity, presence of perinephric ﬂuid or renal calculi, and the presence and position
of intraureteric calculus were documented. The intrarenal RI values were calculated
for both the kidneys. Renal RI was calculated as the average of three measurements
at the arcuate arteries, i.e., from the upper, middle, and lower third of the kidney. In
each patient, the mean RI values for the ipsilateral and contralateral normal kidneys
were obtained. The RI difference (DRI) was determined as follows: DRI ¼ RI of
ipsilateral kidneyRI of contralateral kidney.
A diagnosis of ureteral obstruction in pregnancy was made on the bases of
clinical ﬁndings of transabdominal US (Fig. 1) and DUS (Fig. 2). Complete blood
count, creatinine, urea, and urine culture tests were also performed for all patients
and blood cultures were obtained when needed. Conservative treatments such as
therapy with intravenous ﬂuids and analgesics were administered to all patients
after being admitted to the hospital.
The US ﬁndings were diagnostic for obstructive ureteral calculi in 8 (42.1%)
patients, and in the remaining 11 patients, the clinical ﬁndings of progressive
hydronephrosis during US were used for diagnosis and intervention. These patients
were discharged and followed in the outpatient clinic. In these patients, no ureteral
calculi were observed at follow-up. Moreover, these patients were excluded from
the study as mentioned above.Fig. 1. Symptomatic persistent hydronephrosis in a 29-year-old pregnant woman with
left ﬂank pain at 21 weeks of gestation. Sagittal sonography showing moderate (grade
III) hydronephrosis of the left kidney.All patients scheduled for interventional treatment were administered antibi-
otic prophylaxisdone dose of second- or third-generation cephalosporin, admin-
istered intravenously one hour before the intervention. If necessary, medicationwas
continued seven days after the operation. During the preoperative evaluation, the
patients who had urinary tract infectionwere administered empiric antibiotics such
as second-generation cephalosporin. However, the antibiotic therapy was changed
appropriately on the basis of urine culture results.
URS was performed using a 9.5-F semi-rigid ureteroscope after conﬁrming that
the urinary infection was resolved and urinary culture was sterile. The calculi were
fragmented using a holmium laser and then extracted using forceps. During the
operation, the stones were completely fragmented; however, in two patients
residual fragments with a diameter of 4 mm or less that remained were passed
spontaneously. A JJ stent was inserted in patients with apparent edema of the ureter,
large residual stones, stone impaction, or probable ureteral trauma during the URS
procedure. The position of the JJ stent in the renal pelvis was conﬁrmed by ure-
teroscopic examination or by US during the stent insertion procedure. Fluoroscopic
imaging modalities were not used. Data were analyzed using Chi-square test with
SPSS 15.0 software, and a p-value of less than 0.05 was considered statistically
signiﬁcant.
Pre/postoperative fetal viability was assessed by US to avoid medico-legal issues
and probable maternal anxiety. If patients’ symptoms included back and/or groin
pain after the 24th gestational week, a non-stress test was performed in order to
exclude preterm labor (uterine contractions). In addition, in the early postoperative
period, the patients were followed up to ensure maternal wellbeing, and the
outpatient follow-up included a clinical assessment, a US examination, and urine
sample collection for culture and antibiogram.3. Results
In all, 19 patients were included in the study. The mean patient
age was 26 years (range 19e40 years), and the gestational period
was 24 weeks (range 16e33 weeks). The patients’ characteristics
are listed in Table 1. Renal colic, fever-chills, and hematuria were
present in 14, 5, and 12 patients, respectively. Four patients had
positive urine culture results. US results showed grade I hydro-
nephrosis in 1, grade II in 13, and grade III in 5 patients. The mean
diameter of stones was 8 mm (range: 5e19 mm) according to US.
The sites and laterality of the stones are also shown in Table 1.
The kidneys with ureteral obstruction had a mean RI of
0.70  0.03 that was signiﬁcantly higher than that of the contra-
lateral normal kidneys (0.62  0.04; p < 0.002; r ¼ þ0.658). The
mean RI of interrenal difference in RI (DRI) was 0.08 0.03. The DRI
values of patients with ureteral invagination and stenosis (detected
during URS procedure) were 0.02 and 0.03, respectively, whereas
the DRI values of patients with ureteral stones were higher than
0.06.
Spinal anesthesia was performed on 18 (94.7%) patients, while
general anesthesia was performed on 1 patient. Ureteral access was
achieved in all patients the ﬁrst time while ureteral dilatation was
required in four (5.3%) patients. Endoscopically, ureteric stones
were found in 17 (89.5%) patients, which were distal in 7, middle in
5, and proximal in 5. The stones were fragmented by a holmium
laser in 15 patients, and the stone fragments were removed using
forceps. One lower stone and one middle ureteric stone that were
small, were removed by forceps without prior fragmentation. After
lithotripsy, ureteral JJ stents were inserted in 8 of 17 (47%) patients
with ureteral stones, and both the stents and stones were removed
by cystoscopy under local anesthesia two weeks after the initial
procedure. In the remaining two patients, no stones were found,
but a notable obstruction due to ureteral invagination at the pelvic
brim in one patient and ureteral stricture in another patient were
observed. Therefore, these two patients underwent JJ stent inser-
tion and the positions of the JJ stents in the renal pelvis were
conﬁrmed by US during the procedure; the stents were removed
two weeks after the successful completion of their pregnancies.
The intraoperative details and procedure outcomes of the 19
pregnant patients who underwent URS are listed in Table 2. Intra-
operatively, there were no obstetric complications; ureteral perfo-
ration was seen in one patient and ureteral mucosal injury in two
Fig. 2. Doppler study image of elevated RI of 0.70 in the upper pole of the left kidney in the same patient as Fig. 1.
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pain and one had urinary infection. No serious obstetric compli-
cations were observed in those who underwent the URS procedure.
All babies were born normally.
4. Discussion
Radiologic diagnosis of urinary stones in pregnancy is compli-
cated by the physiologic and hemodynamic changes of pregnancy.
Conventional US is the ﬁrst-line imaging tool for urolithiasis in
pregnant patients because of the potential adverse effects of radi-
ation exposure to the fetus. However, the diagnostic efﬁcacy of US is
limited, and it may not actually show the stones because of theTable 1
Baseline characteristics of the 19 pregnant women.
Characteristic Value (range)
Age (years) 26 (19e40)
Gestation (weeks) 24 (16e33)
Stone size on USG (mm) 8 (5e16)
Number of pregnancies 2.8 (1e6)
N (%)
Site of the stone
Upper ureter 5 (29.4)
Middle ureter 5 (29.4)
Lower ureter 7 (41.2)
Laterality
Right 14 (73.7)
Left 3 (15.8)
No stones 2 (10.5)
Positive urine culture 4 (21)
Stone diagnosed by US 8 (42.1)
Symptoms
Pain and renal colic 14 (73.6)
Fever, chills, sweat 5 (26.3)
Hematuria 12 (63.1)
Mean RI at the side of hydronephrosis  SD 0.70  0.03
Mean contralateral RI  SD 0.62  0.04
Mean DRI  SD 0.08  0.03
US: Ultrasonography, RI: Resistive index, SD: Standard deviation.dilatation of the upper urinary tract that occurs even in normal
pregnant women who do not have any obstructive illnesses.
Moreover, although renal US has been found to have a sensitivity of
34% and speciﬁcity of 86%, sonograms may not always reveal the
stones.9 In the present study, conventional grey-scale US detected
obstructed ureteric calculus in eight (42.1%) patients, and all
symptomatic kidneys had pyelocaliectasis. In addition, the Euro-
pean Association of Urology, in its guidelines on urolithiasis during
pregnancy advocates that in the evaluation of pregnant women
with renal colic, the change in RI on DUS and transvaginal ultra-
sonography should be consideredwhen necessary. However, DUS is
reported to be highly dependent on the operator and hard to
perform because of poor sound transmission through gas and bone,
limiting the quality of images.13
Hertzberg et al. found no statistically signiﬁcant difference
between the renal RI values of 156 pregnant women without renal
disease and those of 25 non-pregnant women of childbearing age.14Table 2
Details of procedure and outcome of 19 pregnant women.
N (%)
Type of anesthesia
Spinal 18 (94.7)
General 1 (5.3)
Ureteral dilatation 3 (15.8)
Methods of stone manipulation
Laser lithotripsy 15 (88.2)
Stone forceps 2 (11.8)
Double-j stent insertion
Urereral stones (n ¼ 17) 8 (47)
No stones (n ¼ 2) 2 (100)
Operative time (minute)  SD 25.95  20.65
Preoperative complication
Perforation 1 (5.3)
Laceration 2 (10)
Postoperative complication
Dysuria-pain 4 (21)
Urinary Infection 1 (5.2)
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kidneys with and without pyelocaliectasis. Furthermore, Shokeir
et al. found that the mean RI of kidneys with acute unilateral
ureteric obstruction due to the stone disease was signiﬁcantly
higher than the mean RI of contralateral normal kidneys
(0.69  0.03 and 0.63  0.03, respectively) and stated, “The RI is
a sensitive and speciﬁc test for pregnant patient(s) who suffer from
acute unilateral ureteric obstruction”.15 In our study, the mean RI of
the 19 obstructed kidneys was higher than that of the normal
contralateral kidneys. As discussed above, numerous studies have
reported that either RI is a diagnostic tool for patients or not who
are candidates for intervention for hydronephrosis in pregnancy. In
our study, we found that RI was a helpful diagnostic tool for this
issue. However, patients in our control group had normal kidneys.
The results would have more impact if the control patients were
selected from among the patients who had hydronephrosis but had
not undergone any urological intervention.
One study showed that the mean renal RI in 61 asymptomatic
pregnant women with at least unilateral pyelocaliectasis was
0.61  0.05 with no correlation with trimester or degree of pyelo-
caliectasis.16 Thus, an abnormal renal RI in a pregnant patient
should not be attributed solely to pregnancydother disorders
should be considered as potential etiological factors.16 In this study,
we did not ﬁnd stones in two patients, but we found a notable
obstruction due to ureteral invagination at the pelvic brim in one
patient (evidenced by the difﬁculty in guide wire insertion at this
level, but managed by direct URS) and ureteral stricture in the
middle part of the ureter in the other patient that required laser
incision.
One study showed that an elevated RI value had increased
sensitivity (88%) and speciﬁcity (98%) in diagnosing ureteral
obstruction.11 When the RI and DRI values were positive (with
a value of 0.70 or more and 0.04 or more, respectively), the RI value
was found to have a sensitivity of 45% and speciﬁcity of 91%,15 while
the corresponding DRI value had a sensitivity of 95% and speciﬁcity
of 100%. We conﬁrmed that it is better to consider the sensitivity
and speciﬁcity of DRI than those of RI for the diagnosis of and
therapeutic decisions for hydronephrosis during pregnancy.
The ﬁrst step in the management of urolithiasis or renal colic in
pregnant patients should be conservative treatment.17 However,
a surgical approach is necessary for the treatment of 20e30% of
pregnant women with urolithiasis.3 The conventional treatment of
ureteral obstruction during pregnancymay involve ureteral stent or
PCN tube insertion. However, some risks, such as urinary tract
infection, discomfort, and encrustation related to PCN tube and
ureteral stent insertion, have been reported if the PCN tube is
placed in the early stages of pregnancy.18,19 The placement of
ureteral stents often causes irritative voiding symptoms and
patient discomfort.20,21 Moreover, because the kidneys and ureters
undergo physiologic hydroureteronephrosis during pregnancy,
ureteral stents migrate more frequently in pregnant patients.22
Denstedt et al. reported that inserting a ureteral stent is not rec-
ommended before 22 weeks of gestation, instead, PCN tube
placement is recommended.23 However, carrying a PCN tube for
many months is arduous for pregnant patients. Therefore, we
prefer URS instead of JJ stent or PCN tube insertion because of the
above complications. In our study, after lithotripsy, the ureteral JJ
stent was inserted in 8 of 17 (47%) patients, and the stents were
removed by cystoscopy under local anesthesia, two weeks after the
initial procedure. Meanwhile, the remaining two patients with no
stones also underwent ureteral JJ stent insertion; the JJ stents were
removed two weeks after the postnatal period, and no complica-
tions related to the stents were observed.
General anesthesia is rarely used in pregnant patients, and most
URS procedures are carried out under spinal or epiduralanesthesia.8,24 We used semi-rigid URS for which spinal anesthesia
was performed on 18 patients and general anesthesia, on 1.
URS enables viewing of the entire ureter and renal pelvis,
thereby enabling complete diagnosis and treatment. Moreover, URS
can be performed safely and effectively in all trimesters of preg-
nancy.5e8 In this study, during URS, ureteral perforation was
detected in one patient, and ureteral mucosal injury was observed
in two patients. Postoperatively, urinary tract infection developed
in one patient that was successfully treated with the appropriate
antibiotic therapy, and dysuria and pain were observed in four
patients.
However, this study had some limitations. First, the study was
not a randomized study. Therefore, prospective and randomized
studies with larger samples are needed. Furthermore, the patients
should be managed by DUS postoperatively. Unfortunately, this
control was not made to patients after the treatment.
5. Conclusions
Both RI and DRI values increase in unilateral symptomatic
persistent hydronephrosis during pregnancy, but it is better to
consider DRI values than RI values while deciding on the inter-
ventional treatment required. Conservative methods are advised
for the initial treatment of ureteral stones and renal colic in preg-
nancy. However, if symptoms persist or complications develop,
either temporary drainage or URS is the most suitable interven-
tional step. Although semi-rigid URS has been found to be
successful in the diagnosis and treatment of hydronephrosis in
pregnant patients, the proceduremust be performed in centers that
have excellent obstetric and antenatal backup facilities.
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